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ABSTRACT 
Objectives: To study the nasal carriage rate of Sta,ohy/ococcus 
aureus and staphylococcal susceptibility patterns among 
patients and health care workers in two pediatric hospitals in 
Mogadishu, Somalia. 
Methods: Nasal carriage was detected in 21 of 46 (46%) pedi- 
atric patients and in 17 of 99 (17%) of the health care work- 
ers attending these patients. Most (84%) S. aureus strains 
appeared to be multiresistant, especially toward those antimi- 
crobials that were used most frequently in both clinical set- 
tings. Methicillin resistance was detected in IO of 38 S. aureus 
strains. In only one of these strains was the mecA gene 
detected by polymerase chain reaction (PCR). The other strains 
were resistant because of hyperproduction of beta-lactamases. 
Molecular typing by arbitrary primed PCR of the S. aureus iso- 
lates revealed extensive heterogeneity among strains. The sin- 
gle “genuine” methicillin-resistant S. aureus (MRSA) strain was 
shown to be unique, whereas for the other methicillin-resistant 
isolates only distant relations could be demonstrated. 
Results: No clear evidence of extensive nosocomial spread of 
S. aureus strains between patients and personnel was 
obtained. 
Conclusion: Policies for antibiotic use should be revised to slow 
the development of resistance in S. aureus strains in the hos- 
pitals under investigation. 
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Staphylococcus aureus is an important pathogen causing 
nosocomial and community-acquired infections 
throughout the world. Several recent studies indicate that 
there are marked geographic differences in the suscep- 
tibility of strains of this organism and that changes in 
prevalence of multiresistant strains may occur with time. l 
Nasal carriage of S aweus has been identified as an 
important risk factor for the acquisition of infections (e.g., 
surgical site infections). 2-5 Nasal carriage rates have been 
shown to differ among races.h-8 Moreover, the frequency 
with which S. aureus can be detected in the nose of 
human individuals was shown to differ among people of 
different histocompatibility antigen (HLA) types.9 Several 
studies have shown that nasal carriage rates can be ele- 
vated in hospital personnel and hospitalized patients. lo-l4 
Both the duration of hospitalization and the usage of 
antibiotics have been identified as important risk factors 
for the acquisition of antibiotic resistant S. aweus in the 
anterior nares.11J2 
Many other factors influence the nature of the colo- 
nizing strains, the usage of antibiotics being a major deter- 
minant in this respect.Thus, findings pertaining to the 
epidemiology of S. aureus obtained in a certain locality 
cannot be extrapolated to a clinical setting elsewhere. 
Data about the nature and the nosocomial prevalence of 
S. aweus in most African countries are lacking, but data 
available from some countries indicate an overall carriage 
rate greater than 20% and a methicillin-resistant S. am-em 
(MRSA) carriage rate of 3%, figures that are lower than 
those reported for some developed countries.‘,’ 
The present study was undertaken to provide infor- 
mation on the nasal carriage rate of S. aweus among 
health care workers and pediatric patients hospitalized in 
two Mogadishu hospitals. The susceptibilities to several 
locally used antibiotics and others, such as methicillin, 
were determined. The genetic diversity of the local 
(methicillin-resistant and susceptible) S. aweus types was 
determined by both random amplification of polymor- 
phic DNA (RAPD) analysis and pulsed-field gel elec- 
trophoresis (PFGE) of DNA macrorestriction fragments. 
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MATERIAL AND METHODS 
Hospitals and Study Population 
SOS-Kinderdroff International Emergency Paediatric Hos- 
pital is a 120-bed pediatric inpatient hospital; about 450 
children are seen each day in the adjoining outpatient 
clinic. It is located in the northern part of Mogadishu, 
the capital city of Somalia (1.5 million inhabitants com- 
prising 20% of the entire population of Somalia).The med- 
ical staff consists of six pediatricians and 22 pediatric 
nurses. Benedir Paediatric Hospital, a 144-bed hospital 
with five pediatricians and over 30 pediatric nurses, is 
located in the southern part of Mogadishu. About 250 
children are seen daily at its outpatient clinics.The two 
hospitals are located about 15 km apart. The disorders 
and related diseases commonly seen among the patients 
in both hospitals primarily include malnutrition, diarrhea, 
acute respiratory infections, anemia, malaria, and pul- 
monary tuberculosis. In total, 99 health care workers 
(medical staff and auxiliaries) from the Benedir Paedi- 
atric Hospital and 46 pediatric inpatients from both 
Mogadishu hospitals were included in the screening for 
nasal carriage of S. aureus.The study was done during a 
3-week period in the summer of 1995. 
Nasal Swabbing 
Single nasal swabs were obtained by using sterile dry cot- 
ton wool swabs flranswab@, Medical Wire & Equipment 
Co. Ltd., Corsham,Wilts, UK). Both the right and left ante- 
rior nares were swabbed by rubbing the swab four times 
around the inside of each nostril, while applying an even 
pressure and rotating the swabs without interruption. 
The samples were immediately placed in transport 
medium (Transwab@, Medical Wire & Equipment Co. Ltd.) 
and kept at 4°C. Subsequently, the nasal swabs were trans- 
ported at room temperature to the Department of Bac- 
teriology of the University Hospital Rotterdam, The 
Netherlands, where they were further analyzed. 
Isolation and Susceptibility Testing of StaphyZococcus 
aweus 
The swabs were inoculated onto Columbia blood agar 
plates (Oxoid,Amsterdam,The Netherlands) and phenol- 
red mannitol salt agar plates, and subsequently incubated 
for 48 hours at 37°C. Identification of S. aureus was based 
upon colony morphology and a S. aureus specific latex 
agglutination test (Staphaurex; Murex Diagnostics, 
Benelux B.V., Utrecht, The Netherlands) applied on sus- 
pect colonies after demonstration of catalase positivity. 
All S. aureus isolates were tested for their susceptibility 
to the following antibiotics: oxacillin, tobramycin, cotri- 
moxazole, ciprofloxacin, erythromycin, clindamycin, 
vancomycin, rifampin, fusidic acid, tetracycline, and fos- 
fomycin (GPS-ID susceptibility card, bioMerieux Vitek 
Inc., Hazelwood, MO, USA). Methicillin susceptibility was 
tested by a disk diffusion technique using a 5-1.18 methi- 
cillin disk placed on Mueller Hinton agar (Mueller Hinton 
Broth, Difco Laboratories, Detroit,MI, USA), which was 
incubated for 24 hours at 30°C. 
Genotyping by Random Amplification of Polymorphic 
DNA Analysis 
DNA was extracted from lysostaphin-treated bacteria by 
incubating a 100 PL sample of the S. aureus strain 
involved in the presence of 25 ng of proteinase K 
(Boehringer Mannheim, Mannheim, Germany) and 0.5% 
sodium dodecyl sulphate (SDS) for 1 hour at 37”CThe 
subsequent isolation and purification of DNA was per- 
formed using guanidine-isothiocyanate and Celite (Hansen, 
Beerse, Belgium) according to established procedures.15 
The resulting DNA solution was subjected to gel elec- 
trophoresis in 1% agarose gels containing 40 mM TRIS- 
acetate pH 7.8,2 mM EDTA and 0.1 pg ethidium bromide 
per milliliter.The DNA concentration was estimated by 
comparison with the staining intensity of samples con- 
taining a known amount of bacteriophage lambda DNA 
(31 to 500 ng). 
Arbitrary primed polymerase chain reaction (AP PCR) 
was performed under the standardized conditions as 
described previously.16,17 In short, approximately 50 ng of 
bacterial template DNA was amplified in the presence of 
primers encoded ERIC2 or AP7. After low stringency 
annealing, the amplified DNA was assayed by agarose gel 
electrophoresis and the DNA banding patterns were pho- 
tographed using Polaroid equipment. The different DNA 
fingerprints were interpreted visually and each distinct 
pattern was identified by a capital letter. Patterns were 
deemed different when at least two bands differed in 
migratory distance or were absent in one of two pat- 
terns.The codes obtained for the two individual assays 
could be combined in a “single-digit” overall PCR code. 
The mecA gene was also detected by PCR, according to 
protocols as defined in recent literature.18 Amplicons 
were detected and identified by gel electrophoresis in 
direct comparison with molecular length markers. 
Genotyping by Pulsed-Field Gel Electrophoresis 
Pulsed-field gel electrophoresis was performed with the 
help of a BioRad CHEF mapper (Biorad Inc.,Veenendaal, 
The Netherlands), programmed in the autoalgorithm 
mode. Separation of DNA macrorestriction fragments 
ranging in size between 50 and 400 kilobase-pairs was 
optimized in this way.Approximately 20 DNA fragments 
were visualized after the electrophoresis and ethidium 
bromide staining procedures. Prior to electrophoresis, 
bacterial cells were immobilized in low-melting agarose 
and the agarose blocks were subsequently incubated with 
lysostaphin, proteinase K, and the restriction enzyme 
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SmaI. Between incubations, blocks were washed with 
the appropriate incubation or inactivation buffers. Data 
were interpreted according to the guidelines provided 
by Tenover et al. l9 Single band differences were ignored, 
strains displaying PFGE fingerprints varying in the posi- 
tion of three DNA fragments or more were considered 
genetically unrelated. 
Pulsed-field gel electrophoresis studies were limited 
to the study of the MRSA strain.The single Somalian strain 
was compared to representatives of the major Polish and 
Iberian clones of MRSA, as well as three Dutch strains 
having phagetype III-29 in common and a set of Ameri- 
can strains resembling the Iberian type. Staphylococcus 
aureus 8325-4 was included as a reference strain, and 
lambda DNA concatemers served as molecular length 
markers. 
RESULTS 
Of the 145 swabs taken, 38 grew S. am-em resulting in 
an overall nasal carriage rate of 26.2%.The carriage rate 
for the health care workers was 17.1% (17/99), that for 
the pediatric patients was 45.6% (21/46).As no precise 
Table 1. Survey of the Phenotypic and Genotypic Data Obtained from Patients and Health Care Workers of Two Pediatric Hospitals in 
Mogadishu 
Strain Number* 
Patients from SOS Hospital 
Antibiogramt ERIC2 (n = 33) 
RAPD data 
AP7 (n = 25) Overall (n = 33) Hospital Ward 
7 
31 
24 
25 
8 
10 
26 
11 
12 
13 
14 
9 
15 
16 
27 
02020220200 
22222222222 
22222222202 
22222220222 
02022220200 
22022222020 
02022222020 
22222222022 
22222220202 
22222222020 
22022222202 
22222220222 
G 
b 
v 
W 
H 
J 
X 
K 
G 
U 
P 
Q 
E 
E 
E 
VII 
XX 
XVI 
XVII 
Va 
Vb 
vc 
IX 
Ila 
X 
VIII 
VIII 
XI 
XII 
XVIII 
B 
c 
C 
B 
C 
C 
M J 
H 
C 
C 
02022222020 
22222222222 
H 
K 
22222222222 
N 
0 
Y R 
Pafients from Benedir Hospital 
2 
6 
20 
5 
17 
18 
Personnel from Benedir Hospital 
1 
3 
19 
28 
21 
23 
36 
4 
30 
38 
32 
34 
35 
33 
29 
37 
22 
22222222222 
22222220022 
22222222220 
22222222020 
02220020020 
02020022000 
B 
F 
R 
B 
F 
M 
E 
J 
II 
VI 
XII 
V 
Xa 
Xb 
E 
P 
22222222222 
22222022022 
02020222000 
A 
c II1 
X 
XIX 
XIV 
xv 
XXIV 
IV 
xx 
Vd 
XVIII 
XVIII 
XXIII 
XXII 
Vb 
xxv 
Ilb 
J 
S 
N 
0 
X 
D 
T 
E 
R 
R 
W 
V 
E 
Y 
B 
22020222002 
22020222000 
22222222020 
22222222020 
02022222022 
22222222020 
02020220020 
22022222222 
22022222220 
22222222202 
22222222222 
02022222020 
22022022002 
22020222020 
C 
C 
D 
D 
D 
E 
E 
F 
F 
F 
F 
F 
G 
H 
Y 
d 
: 
T 
*MecA positive strain, as determined by PCR. 
+The code for the antibiogram has been composed by listing the susceptibility pattern of the strains toward methicillin, tobramycin, cotrimoxazole, ciprofloxacin, 
etythromycin, clindamycin, vancomycin, rifampin, fusidic acid, tetracyclin, and fosfomycin (2 = susceptible; 0 = resistant). 
RAPD = random amplification of polymorphic DNA. 
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records of clinical data were obtained, no correlation 
between disease characteristics and S. aureus nasal colo- 
nization could be made. 
In Table 1, the results of the antimicrobial suscepti- 
bility testing are presented. Only 6 (16%) of the isolates 
appeared to be susceptible to all antibiotics.Ten strains 
(26%) were methicillin-resistant and resistant to multiple 
additional antibiotics.With regard to the other antibiotics 
tested, 21 strains (55%) were resistant to fusidic acid, fol- 
lowed by fosfomycin 50%, cotrimoxazole 45%, tetracy- 
cline 29%, erythromycin 21%, rifampin 21%, and 
clindamycin 11%. All the S. aureus isolates were suscep- 
tible to tobramycin, vancomycin, and ciprofloxacin. Beta- 
lactamase positivity was found in 92% of methicillin- 
sensitive isolates and 100% of the methicillin-resistant 
strains.The methicillin resistant strains, identified by disk 
diffusion testing, were subjected to a PCR specific for 
the detection of the mecA gene and a disk diffusion assay 
to study the homogeneous or heterogeneous nature of 
the methicillin resistance phenotype. Only one isolate 
appeared to have the mecA gene and proved to be homo- 
geneously resistant as determined by the disk diffusion 
technique. One strain proved to be resistant, according to 
the disk diffusion method, but did not have the mecA 
gene.The other eight isolates were all borderline resistant, 
probably due to the hyperproduction of beta-lacta- 
mase.20,21 
Figure 1 shows the PCR fingerprints of all 38 S. 
aureus isolates.The strains appear to be very diverse; as 
can be deduced from Figure 1 and Table 1, the overall 
genocode determined for all strains shows only limited 
Figure 1. PCR fingerprinting of S. aureus 
strains isolated from the noses of health 
care workers and patients from two pedi- 
atric hospitals in Mogadishu, Somalia. The 
numbers above the panels identify the 
bacterial strains (see Table 1). The upper 
and lower panels show the results 
obtained with ERIC2 and AP7 primers, 
respectively. The lanes containing molec- 
ular length markers are identified by M, the 
length of the most intensely staining 600 
base-pairs long fragment is given on the left. 
1 2 3 4 5 6 7 8 9 1011 12 13 14 1516 17 M 
.I0 
*5 
1 
Figure 2. PFGE analysis for the single MRSA strain that was mecA 
gene positive. The arrow points to the electropherogram of Somalian 
strain 7 (see Table 1). The other lanes display PFGE fingerprints for 
MRSA strains from other countries. In lane 1, representative banding 
patterns for a major clonal MRSA type from Saudi Arabia is shown. 
Lanes 2 to 4 display patterns of MRSA clones from Poland. Lanes 2 
and 3 are type A, in lane 4 is type B. Three MRSA strains from the 
Netherlands, all with phagetype 111-29, are displayed in lanes 5 to 7. 
Lanes numbered 9 to 12 represent strains belonging to the lberian 
clone, whereas electropherograms depicted in lanes 13 to 15 show 
results obtained with strains from New York that strongly resemble the 
lberian clone. Lane 16 shows the banding pattern obtained for the 
methicillin-sensitive reference strain 8325-4, lane 17 is blank, and the 
lane marked M displays the lambda concatemers, which serve as mol- 
ecular size markers. On the left the number of lambda genome units 
present in the concatemer indicated is given. One lambda unit equals 
approximately 48 kilobase-pairs. 
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overlap.The number of different genotypes as determined 
with the ERIC2 assay was 33 in 38 strains. With the aid 
of AP7, defining 25 types, no additional discrimination 
was obtained.Thus, the combined application of the two 
AP PCR tests resulted in the definition of 33 types, includ- 
ing a limited number of subtypesType IH (VIII) occurred 
in two patients nursed in the same ward. However, the 
strains displayed different antibiograms.Type MJ was also 
detected twice, although the occurrence in two differ- 
ent hospitals shows a lack of clinical relatedness between 
the isolates. The same is true for types YR (XVIII) and JE 
(Vb). Most probably, and in accordance with the lack of 
nosocomial relatedness, these types represent staphylo- 
coccal types that occur more frequently in this particu- 
lar geographic region.The mecA positive isolate (patient 
7, see Table 1) had a unique PCR-defined genotype, con- 
firming the finding that the other eight MRSA strains may 
have another origin. Note that most of these phenotypi- 
tally methicillin-resistant S. aureus strains belong mainly 
to either the J or the E AP7-type, which is indicative of 
distant relatedness at the genetic level.The clinical impli- 
cations of this finding are as yet unknown, but larger 
studies may shed light on this subject (work in progress). 
Figure 2 summarizes the results of the PFGE.Appar- 
ently, the single mecA gene-positive strain displays a geno- 
type that is strongly deviating from the PFGE fingerprints 
as determined for some of the major European clones. It 
is clear that the fingerprints of the strains representing 
the major Polish and Iberian clones are different from 
the Somalian one.This emphasizes the unique nature of 
the Somalian MRSA. 
DISCUSSION 
Methicillin-resistant S. aureu.s epidemics have been 
reported frequently in developed countries. Surveillance 
programs and adequate treatment or isolation protocols 
have been designed to limit the spread of MRSA.22 How- 
ever, relatively little is known about the magnitude of this 
problem in Africa. In this study, of a limited number of 
patients and health care workers, a “genuine” (mecA pos- 
itive) MRSA was isolated from the nares of only 1 of 46 
pediatric inpatients.This strain was also resistant to many 
of the locally used antibiotics, thus limiting the possibil- 
ity of successful treatment.The spread of such a strain 
could have a devastating effect on patients already debil- 
itated by malnutrition and intercurrent infections, as is the 
case for virtually all patients admitted to either of the 
two hospitals. 
Alarming rates of antibiotic resistance, especially to 
the locally used antibiotics, were found among the S. 
aureus strains isolated in both hospitals. The high rate 
of beta-lactamase positivity (92%) found in this study is 
in accordance with that found in Kenya and slightly 
higher than that documented in other African studies.23 
None of the S. aureus strains were resistant to ciprofloxacin, 
tobramycin, or vancomycin, agents not routinely available 
in Somalia, indicating that these antibiotics remain valid 
choices for the treatment of serious infections with multi- 
resistant S. aureus infections in Somalia. 
The PCR fingerprinting showed no predominance of 
a single genotype. Some clustering of a genotype, as deter- 
mined by one of the AP PCR assays, was seenThis lack 
of clustering suggests the absence of ongoing nosocomial 
epidemics or frequent transmission of staphylococcal 
strains between patients and medical personnel. Pulsed- 
field gel electrophoresis analysis of the single “genuine” 
MRSA strain revealed that its genetic characteristics were 
different from those of some of the known European 
types. This may underscore the unique nature of the 
Somalian MRSA, and studies on the phylogenetic back- 
ground of this particular strain may shed additional light 
on the ongoing discussion concerning clonality versus 
horizontal transmission of the methicillin resistance deter- 
minant 
The carriage rates described in this communication 
are lower than those in Western literature,6-8 however, 
rates are comparable with those in other African stud- 
ies.z4-26 The finding that the S. aureus carriage rate is 
higher in children than in adults is in agreement with 
previous descriptions.24-29 
Many factors may have contributed to the emergence 
of multiply resistant S. aureus in Somalia and, perhaps, in 
many other parts of Africa. Among these are the general 
availability and low costs associated with the purchase of 
antibiotics. In addition, there is a strong popular belief 
that antibiotics are good for all types of infection and 
national antibiotic usage programs or resistance surveil- 
lance systems are nonexistent.The limited level of train- 
ing of health care workers and the inattention of health 
officials to infection control programs are additional com- 
plicating factors. Although the present study does not 
document extensive exchange of S. aureus between 
health care workers and patients in the two Somalian 
pediatric hospitals (see the genetic diversity of the iso- 
lates studied with RAPD), it is suggested that in this under- 
developed African country there is an urgent need to 
implement programs that stimulate the prudent use of 
antimicrobial agents. 
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